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microarthropods reduced the populations of nematodes and enchytraeids, as well as the 
net N mineralisation. Amount of NH¢ in soil was in positive correlation with enchytraeid 
biomass. It was concluded that the diverse community of microarthropods affects the 
mineralisation indirectly by regulating the enchytraeid populations. However, at high 
moisture the microarthropods failed to control enchytraeid numbers, and mineralisation 
showed no relation to the community structure. 
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Introduction 


Decomposition and mineralisation processes are controlled by a) internal factors such as 
substrate quality and decomposer community structure, and b) external factors, of which 
temperature and moisture are the most important (Swift et al. 1979). Although microbes 
are mainly responsible for primary decomposition, soil fauna may have, in terms of bio- 
mass, a disproportionately large effect on the process rates (Anderson and Ineson 1983; 
Verhoef and Brussaard 1990; Beare et al. 1992; Huhta et al. 1994). 

Soil faunal populations and activity may react differently to changes in environmental 
conditions than does the overall decomposition rate. Most experiments to show the role 
of fauna in the soil processes have been carried out at optimum conditions for faunal 
activity: high to moderate moisture, and temperature ranging from +15 to +20°C. 
Hygrophilous or semiaquatic animals, such as enchytraeids and nematodes, may in these 
circumstances reproduce to densities far exceeding those in the field soils (Abrahamsen 
1971: enchytraeids; Clarholm et al. 1981: nematodes). In the field, low temperatures in 
winter and low moisture in summer result in cessation of reproduction and activity of 
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soil organisms and an essential decrease in decomposition rate virtually for most of the 
year. 

Varying microclimatic conditions in an incubation experiment by Sohlenius (1985) resulted 
in different dominance patterns in the nematode community. These differences were 
probably caused partly by direct effects of temperature and moisture, and partly by 
interspecific interactions. Related interactions were revealed by Haukka (1987) between 
an earthworm and an enchytraeid living in compost. Physical factors, decomposer 
community and soil processes are connected with each other by complex interactions. A 
few reports have been published on single species indicating that such interrelations exist: 
Anderson et al. (1983) observed a non-linear effect of Glomeris marginata (Diplopoda) on 
N-release from decomposing oak leaves, depending on temperature (manyfold increase at 
+15 and +20 °C, none at +5°). Dry periods inhibit the maintenance of this interaction; 
after rewetting (at + 15°C) the impact of Glomeris on N-leaching remained positive but 
hardly significant (Huish et al. 1985). Abrahamsen (1990) showed that the enchytraeid 
Cognettia sphagnetorum induced an increase in N-release from coniferous forest humus in 
moist soil, but even a decrease in dry. Persson (1989) reported that the relative influence 
of a mixed microarthropod community on N mineralisation depended on temperature and 
moisture. 

Impacts of climate change on C storage of soil and N mineralisation are discussed in many 
papers. Most of the studies connect the climate change effects directly to observations 
about influences of moisture and temperature on N mineralisation and CO, emissions 
(Billings et al. 1982; Billings et al. 1983; Schlentner and Van Cleve 1985; Peterjohn et al. 
1993; Lloyd and Taylor 1994; Kirschbaum 1995). There are also studies which introduce 
the impact of temperature, moisture or climate on soil faunal populations (Clarholm 
et al. 1981; Huish et al. 1985; Sohlenius 1985; Kennedy 1994; Harte et al. 1996). In these 
studies there is no reference to potential interactions between soil faunal groups and 
mineralisation. 

The aim of the present experiment was to test whether the impact of the faunal community 
structure on the mineralisation processes differs with respect to temperature and moisture 
regimes. The experiment includes two faunal treatments: ‘Simple’ community with micro- 
flora, microfauna and the enchytraeid Cognettia sphagnetorum, and ‘Complex’ community, 
or ‘Simple’ community amended with a diverse microarthropod community. C. sphagne- 
torum could be defined as a keystone species in coniferous forest soil due to its essential 
contribution to the total faunal biomass (Persson et al. 1980; Huhta et al. 1986). As a 
hygrophilous/semiaquatic animal it does not suffer from excess moisture (Abrahamsen 
1971). In the ‘complex’ treatment, a microarthropod community extracted directly from 
soil implies a marked increase in taxonomic and functional diversity, and includes many 
species relatively well adapted to water deficiency of the soil (Vannier 1970). 


Materials and Methods 


Because defaunation (partial sterilisation) is expected to liberate excess soluble nutrients that may 
result in unnatural biological activity, we carried out a preliminary test before the main experiment: 
humus from a pine forest was passed through a 10 mm mesh (roots and other coarse material were 
abandoned), and defaunated by pouring liquid nitrogen (— 196 °C) on the soil in a tub, with continuous 
mixing. Then it was washed to remove excess labile N by enclosing 1 kg portions of soil in 25 ym 
mesh bags and immersing them in 2.51 of deionized water for 10 min, and then squeezing to drain 
excess water. CO, evolution and NH; (KCI extraction) were measured and compared with untreated 
soil. 

Defaunation resulted in a more than 20-fold increase in NH}, but washing removed only a fraction 
of the KCI extractable N present after the treatment. However, CO,-production was markedly lower 
and almost constant in the washed soil, while there was a strong pulse of respiration after defaunation 
in unwashed soil. Therefore we adopted the washing procedure in the experiment. 
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For the main experiment, humus was taken from a pine stand of Vaccinium type near the town of 
Jyvaskyla, Central Finland. Litter was collected separately and cut into ca. 1 cm pieces. Both materials 
were defaunated and washed as described above, and oven-dried (+40 °C) to 20% of WHC. (The 
WHC of the humus after washing, determined by simple wetting-draining-drying, was 3.28 g water/g 
d.m., and that of litter 5.95 g/g d.m.) One third of the materials was left at this moisture, while two 
thirds were rewatered to 35 and 50% of WHC, respectively. These moisture levels, corresponding to 
40, 53 and 62% water of fresh matter, are later referred to as “dry”, “medium” and “wet”. (The 
numerical values should be taken with caution because of heavy treatment. The “wet” humus was 
dripping with water when squeezed by hand.) 

Fresh humus (pH 5.06, loss on ignition 64%) equivalent to 72.5 g d.m., and litter (pH 4.97, loss on 
ignition 89%) equivalent to 6.86 g d.m. were weighed into plastic jars (Ø 14 cm, height 15 cm). To 
allow aeration, the lid of the jar was equipped with a 10 mm aperture and cotton plug. Microbiota 
(bacteria, fungi and Protozoa) were re-inoculated by spraying 1 ml of filtered (10 um) soil suspension 
(100 g soil mixed with 250 ml water) into each jar. Nematodes were extracted from the soil using wet 
funnels, and 105 specimens, on average, were introduced into each microcosm with 3 ml of water. 
Enchytraeids (Cognettia sphagnetorum Vejd.) were added to all jars on days 2 and 4, total 25 
individuals/jar. Microarthropods were introduced into half of the microcosms: fresh humus + litter 
were dried in two large Tullgren funnels (0.8 x 0.8 m), under which 30 glass jars with moist tissue paper 
were placed in a circle on a rotating disc. After extraction the jar contents (including the paper) were 
inspected to remove macrofauna and emptied into the microcosms. Each jar received two such 
inoculations, together containing 1442 mites and 235 collembolans on average. 

The inoculations were completed on Jan. 13, 1994, 25 days after the establishment, and the papers 
were removed, The jars were divided into three climate chambers, temperatures +2, +6 and +15°C 
(darkness). The total number of microcosms was 90. Water was added when needed to compensate 
for the loss due to evaporation. 

The faunal community with microarthropods is later referred to as “Complex”, and that without 
microarthropods as “Simple”. 

Evolution of CO, from the jars was measured 8 times by sealing the hole in the lid with tape, and 
taking 1 ml air samples with a syringe before and after ca. 2 h incubation. The samples were analysed 
using an infrared CO, analyzer (Universal Carbon Analyzer EQ 92). The CO, production was calculated 
on a dry matter basis; a linear change between measurements was assumed when estimating the 
cumulative respiration. 

Subsamples of the microcosm materials were taken at weeks 9, 18, and 27 after establishment. 1.5 g 
(d.m.) of the material in each jar was used to extract nematodes, 3 g for enchytraeids (wet funnel 
methods), 3 g for microarthropods (high gradient extractor), 1 g for pH, 1.5g for NH4—N (2M 
KCl-extraction, SFS standard 3032), and 2.2 g for microbial biomass (SIR; Anderson and Domsch 
1978; Nordgren 1988). The animals were counted, and microarthropods were identified to a taxonomic 
resolution that was possible using a binocular microscope. Animal biomasses were estimated according 
to Abrahamsen (1973) for enchytraeids and Luxton (1975) for identified oribatids. Average individual 
weights counted from Huhta et al. (1986) were applied for other mites, Collembola and Nematoda. 

The data were analysed with 3-factorial analysis of variance for repeated measurements (ANOVAR, 
SPSS vs. 6.1 for WINDOWS). Bartlett-Box test was used to test homogeneity of variances, and 
Kolmogoroy-Smirnoff (Lilliefors) for testing the normality of distribution. Logarithmic or square root 
transformation was applied before the test when needed. 


Results 
Faunal populations and microbial biomass 


Populations of nematodes increased at +15 °C until the second sampling, but started to 
decrease after week 18. At +2° and +6°C the numbers remained rather unchanged 
throughout the experiment. Average densities increased with temperature. Presence of 
microarthropods suppressed the nematode populations at low and medium moistures. The 
reduction was more than 60% in 7 cases, and between 40 and 60% in 7 cases out of 18 
(Table 1). At high moisture the microarthropods did not impact the nematode numbers. 

Enchytraeid numbers generally increased until the final sampling, and became highest at 
high temperature and high moisture. In dry humus and at +2 °C the numbers of enchytraeids 
remained almost unchanged. At low and medium moisture the presence of microarthropods 
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Table 1. Numbers of nematodes (ind. g~' d.m.) in different treatments at each sampling 


Temp. Moist. Week 9 Week 18 Week 27 


Simple Complex Simple Complex Simple Complex 


+2 Dry 43 23 146 26 132 39 
Med. 188 108 765 121 339 98 
Wet 131 57 312 218 128 133 

+6 Dry 340 250 293 199 287 57 
Med. 582 232 514 188 475 275 
Wet 294 267 365 341 389 207 

oS: Dry 972 381 2042 535 1456 775 
Med. 435 235 1250 945 441 552 
Wet 308 200 1083 1513 284 355 

P values for significant differences (ANOVAR; log-transformed data): 

Temperature <0.001 Temp. x Moist. <0.001 

Fauna <0.001 Moist. x Fauna 0.001 

Time <0.001 Temp. x Time <0.001 


Temp. x Moist. x Fauna <0.001 


suppressed the populations of enchytraeids at all temperatures at week 27, and at +15 °C 
throughout the experiment. In five cases the reduction was more than 80% (up to 100%). 
At high moisture the microarthropods had no consistent influence on enchytraeids 
(Table 2). 

At +2 and +6 °C the total numbers of microarthropods decreased between weeks 9 and 
18, and then remained at similar level. At 15 °C their numbers did not change during the 
experiment, with the exception of a peak in medium moisture at week 18 (Fig. 1). Among 
taxa that decreased were Zerconidae spp., Phthiracarus spp., Adoristes spp., Ceratozetes 
spp. and Anurophorus septentrionalis Palissa. Numbers of Isotomiella minor (Schäffer), 


Table 2. Numbers of enchytraeids (ind. g~' d.m.) in different treatments at each sampling 


Temp. Moist. Week 9 Week 18 Week 27 


Simple Complex Simple Complex Simple Complex 


+2 Dry 0.25 0.20 0.13 0.00 0.20 0.20 
Med. 0.27 0.13 0.33 0.33 1.27 0.00 
Wet 0.20 0.27 0.13 0.40 0.40 0.60 

+6 Dry 0.33 0.50 0.27 0.53 1.87 0.47 
Med. 0.33 0.40 127, 0.80 4.80 0.40 
Wet 1.33 1.00 133: 1.73 3.93 3.40 

+15 Dry 1.73 1.47 1.83 1.20 2.40 0.93 
Med. 3.08 0.60 10.60 1.27 27.87 8.07 
Wet 2.53 1.33 23.07 20.00 36.67 34.27 

P values for significant differences (ANOVAR; log transformation): 

Temperature <0.001 Time <0.001 

Moisture <0.001 Temp. x Time <0.001 

Fauna <0.001 Moist. x Time <0.001 

Temp. x Moist. <0.001 Fauna x Time 0.004 

Temp. x Fauna 0.001 Temp. x Moist. x Time <0.001 

Moist. x Fauna <0.001 Moist. x Fauna x Time 0.002 
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2 6 15 Temperature 


Fig. 1. Total numbers of microarthropods (ind. g~' d.m.) at different temperatures at each sampling 
(mean and S.E.); all three moistures combined. P values for significant differences (ANOVAR; 
untransformed data): Temp. <0.001, Time = 0.003, Temp. x Time = 0.001 


0.12 TIME TEMPERATURE MOISTURE 


S 18) aT = 6 15 DM W 


Fig. 2. Substrate-induced respiration (SIR; mg CO, g`' d.m.); averages (+ S.E.) per time (weeks), 
temperature (°C) and moisture (D = dry, M = medium, W = wet); faunal treatments are combined. 
P values for significant differences (ANOVAR; untransformed data): Temp. = 0.05, Moist. <0.001, 
Time <0.001 


Isotoma notabilis Schaffer, I. hiemalis Schött, and juvenile collembolans increased during 
the experiment. Some collembolans (A. septentrionalis Palissa, Onychiurus armatus (Tullb.)), 
oppioid mites (Oppiella nova (Oud.), Conchogneta trägårdhi (Forssl.), Medioppia sub- 
pectinata (Oud.)) and Mesostigmata (Lysigamasus lapponicus (Trag.)) mites were more 
numerous in dry soil, whereas most other oribatid mites survived well at all moistures. 
I. hiemalis and Nanhermannia sellnicki (Forssl.) were more abundant in wet soil. Most 
microarthropod taxa thrived best at +15°C, but Zerconidae spp. and Adoristes spp. 
densities decreased with the rise of temperature. 

Microbial biomass (measured as SIR) decreased slightly between weeks 9 and 18 and 
increased until the week 27. Microbial biomass was lower at higher temperature and lower 
moisture. There were no interactions between treatments, and faunal structure did not 
affect the microbial biomass (Fig. 2). Soil pH decreased with time and increased with 
temperature and moisture. Microarthropods had no influence on pH. 


N and C mineralisation 


Mineralisation of nitrogen (KCl-extractable NH{ ; levels of NO; were negligible) increased 
both with time, temperature and moisture. Faunal structure exerted a complex influence 
on net mineralisation, interacting with temperature and moisture (Table 3). At low and 
medium moistures at +15 °C considerably more mineral N was present in the absence of 
microarthropods (two-way ANOVA; fauna: F = 13.80, P = 0.001; moisture: F = 29.26, 
P < 0,001; interaction: P = 0.002). At high moisture and +15 °C the level of NH{ was 
about the same in both faunal treatments. The NH} -concentration in soil was in strongly 
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positive correlation with the biomass of enchytraeids (r = 0.882, P < 0.001; over the 
whole data) (Fig. 3). 

CO, evolution was highest in the microcosms with high temperature and high moisture. 
CO, production changed between samplings, and there were many interactions between 
moisture, temperature, time and faunal structure. The fauna exerted a transient effect on 
respiration at week 27, when the presence of microarthropods decreased CO, evolution at 
+6 °C. However there were no significant differences in total cumulative respiration between 
the simple and complex communities. 


Biomass Dry 


9 18 27 Weeks 


9 18 27 Weeks 


Fig. 3. Faunal biomass (mg d.m./microcosm) and KCl-extractable NH{ —N(ug N g`' d.m.)at +15°C 
in the three moistures (dry, medium, wet). Shaded bars = total animal biomass, white bars = biomass 
of Enchytraeidae. S = ‘Simple’, C = ‘Complex’ community. (Note the different scales.) 
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Table 3. KCI extractable NH} —N (ugg ' d.m.) in different treatments at each sampling 


Temp. Moist. Week 9 Week 18 Week 27 
Simple Complex Simple Complex Simple Complex 

+2 Dry 1.08 2.76 2.58 2.74 1.06 1.31 
Med. 1.37 1.87 5.84 8.57 5.50 4.10 
Wet 8.60 7.88 8.26 9.66 14.95 22.59 

+6 Dry 1.79. 1.74 2.94 2.69 3.17 1.67 
Med. 2.89 3.03 11.72 9.55 19.18 20.16 
Wet 6.87 8.11 16.16 16.68 43.81 40.81 

+15 Dry 1.94 1.39 2.53 2.79 39.32 2.55 
Med. 3.10 1.85 129.53 12.86 291.50 49.44 
Wet 2.44 2.73 125.65 198.86 218.44 345.20 

P values for significant differences (ANOVAR; square root transformation): 

Temperature <0.001 Time <0.001 

Moisture <0.001 Temp. x Time <0.001 

Temp. x Moist. <0.001 Moist x Time <0.001 

Temp. x Fauna 0.046 Temp. x Moist. x Time <0.001 

Moist. x Fauna 0.001 Temp. x Fauna x Time 0.008 

Temp. x Moist. x Fauna <0,001 Moist. x Fauna x Time <0.001 


Temp. x Moist. x Fauna x Time <0.001 


Discussion 


The experiment revealed that soil moisture and temperature exert a complex influence on 
soil faunal biomass and community structure. Populations of enchytraeids were affected 
by both temperature and moisture, in conformity with the results of Abrahamsen (1971), 
whereas microarthropods were affected by temperature only. At low and medium moistures 
the presence of microarthropods reduced the populations of nematodes and enchytraeids. 
At high moisture, however, the enchytraeids and nematodes were not negatively affected 
by microarthropods. In contrast to fauna, microbial biomass responded in a more predictable 
manner to physical conditions: no interactions between temperature, moisture and faunal 
treatments existed. Also, faunal community composition had no influence on microbial 
biomass. 

The way in which microarthropods control nematode and enchytraeid populations is 
evidently complex. Several predatory mites feed on nematodes (Karg 1983: 1986; Walter 
et al. 1988), and Zerconid mites (Mesostigmata) have been shown to reduce nematodes in 
microcosms (Martikainen and Huhta 1990). Large gamasid mites may prey on enchytraeids, 
but it is unclear whether this interaction is strong enough to control the enchytraeid 
populations: in an experiment by Huhta et al. (submitted) they did not affect enchytraeids. 
Thus, the reduction of enchytraeids by microarthropods was more likely due to competitive 
interactions. Microarthropods, being relatively indifferent to soil moisture, may have 
competitive advantage over enchytraeids in dry conditions that are suboptimal for the 
latter. The response of the faunal community to abiotic conditions was reflected in nitrogen 
mineralisation. The amount of NH; correlated strongly with enchytraeid biomass, but not 
with microarthropod biomass. This suggests that enchytraeids are more effective in 
promoting mineralisation than are microarthropods (see also Setälä et al. 1991). The latter 
have even shown negative, inconsistent or zero effects in some experiments (Bengtsson 
1988; Faber and Verhoef 1991). Thus the diverse community of microarthropods seems to 
affect the N mineralisation indirectly by regulating the enchytraeid populations. Along with 
enchytraeids, earthworms belong to the ‘effective’ soil fauna in decomposition and 
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mineralisation (Scheu 1987; Haimi and Huhta 1990; Robinson et al. 1992; Scheu and 
Parkinson 1994); by having a large biomass and by consuming large quantities of soil they 
may affect the N mineralisation and physical structure of the soil more than other faunal 
groups. 
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